At present, in the rapid development of the automobile industry, the field of pure electric vehicles is full of vitality. Among them, motorization of commercial vehicles is undoubtedly one of the important means to solve environmental degradation and energy shortage. Based on a pure electric commercial vehicle, this paper matches and calculates the motor parameters and AMT transmission ratio according to the basic parameters and performance indexes of the vehicle. The research design and simulation of the shift control strategy are also completed. The simulation results show that the automatic shift control strategy is designed to meet the dynamic and economic requirements of the vehicle and it has certain practical reference value.
Introduction
In recent years, with the rapid development of China's economy and the improvement of people's living standards, vehicles have gradually entered the homes of ordinary people, and their holdings have increased year by year. However, environmental degradation and energy shortages have begun to constrain the development of the traditional automobile industry. Therefore, people are eager to find a way to replace traditional fuel vehicles, and the development of electric vehicles is undoubtedly one of the main solutions [1] .
At present, most of the pure electric vehicles use a fixed speed ratio one-speed reducer. This transmission system has a simple structure and low cost, but puts high requirements on the performance of the drive motor. At the same time of high instantaneous torque, the drive motor is necessary to provide a higher operating speed in the constant power zone to meet the dynamic design requirements of the vehicle [2] . In addition, in order to ensure the vehicle speed range, more motor working points will fall in the low speed-high load area and high speed-low load area, which greatly reduces the motor efficiency. Therefore, the development of the transmission system structure of electric vehicles tends to be two-speed or multiple-speed, and relevant research has been done at home and abroad [3, 4, 5, 6] .
Based on the above problems, this paper designs a two-speed AMT according to the design parameters of a pure electric commercial vehicle and designs a comprehensive shift schedule that considers both dynamic and economic performance. Finally, the automatic shift control strategy is studied.
Vehicle Parameters
The basic parameters of a pure electric commercial vehicle are shown in Table 1 . Electric vehicle power systems need to meet the dynamic requirements of the vehicle. The power of a vehicle can be evaluated by three indicators: maximum speed, maximum grade, and acceleration performance. The power performance requirements of this pure electric commercial vehicle are shown in Table 2 . Transmission System Parameter Matching
The transmission system of the pure electric commercial vehicle studied in the paper adopts the drive motor-drive axle combined structure, and the motor output shaft is directly connected with the reduction gear and the differential, there is no the shifting clutch. This arrangement has the characteristics of compact structure, simple installation and high transmission efficiency, but has high requirements on the performance of the motor and the control precision of the controller [7] .
Drive Motor Parameters Matching. At present, there are four main types of drive motors used in pure electric vehicles: DC motors, AC asynchronous motor, permanent magnet synchronous motor and switched reluctance motor [8] . The pure electric commercial vehicle designed and studied in this paper uses permanent magnet synchronous motor as the driving motor, which has the advantages of good speed regulation performance, high efficiency, low loss and low cost.
Drive motor parameter matching mainly considers the rated power and peak power of the motor: the rated power must guarantee the power required when the vehicle operates at the maximum speed and the peak power must meet the acceleration performance and climbing performance of the electric vehicle.
The rated power of the motor should be determined by considering the three conditions of maximum speed, maximum grade and acceleration performance: 
where g is the acceleration of gravity, max is the maximum speed of the vehicle, α is the speed at which the vehicle travels at constant speed on the maximum grade, max is the maximum grade, ( ) max is the maximum acceleration of the vehicle, is the correction coefficient of rotating mass.
The rated power e of drive motor is given by:
(2) where λ is the overload factor of the drive motor.
The peak power max of the drive motor can be obtained as:
(3) Based on the above considerations, this paper uses the TZ365XSB02 permanent magnet synchronous motor of Jing-Jin Electric Technologies (Beijing). The basic parameters are shown in Table 3 . AMT Parameters Matching. The driving conditions of pure electric vehicles are complex and varied. In order to improve the performance of the vehicle, the shifting mechanism needs to match the appropriate gear ratio. At present, the AMT transmission solutions applied to pure electric vehicles mainly include: one-speed AMT, two-speed AMT and three-speed AMT. This paper decided to adopt two-speed AMT that is small in size, light in weight, relatively simple in structure, and can fully exert the performance of the driving motor, so that the electric vehicle has good comprehensive performance and is widely used in electric vehicles [9] .
1) Matching of maximum transmission ratio The maximum transmission ratio max is the product of the final reduction drive ratio 0 and the transmission first gear ratio 1 , which is determined by the gradeability of the vehicle. It can be obtained from formula (4) 
where max is the peak torque of the drive motor. In addition, from the perspective of adhesion, the vehicle should be prevented from slipping during driving: tmax = max max t ≤ z = g (5) where z is the normal reaction force of the ground to the wheel, is the road adhesion coefficient, is the wheelbase, is the distance from the center of mass to the rear axle. The condition that the maximum gear ratio needs to be satisfied can be obtained by formula (5):
2) Selection of minimum transmission ratio The minimum transmission ratio min of the transmission system is determined by the maximum speed of the vehicle. min ≤ 0.377 max max (7) where max is the peak speed of the drive motor.
This paper finally determines 0 = 5.125, 1 = 2.45 and 2 = 1.
Design of AMT Shift Control Strategy
Whether the automobile shifts on the best shifting point is decided by the shift schedule, which also determines the degree of performance of the vehicle. The overall shift schedule generally takes the dynamic shift schedule and economic shift schedule into consideration.
Optimal Dynamic Shift Schedule. The optimal dynamic shift schedule means that the AMT system performs the shifting operation at the shift point where the vehicle has the maximum power, which maximizes the output power of the motor and improving the dynamic performance of the vehicle [9] .
According to the driving motor parameters, the curve of the relationship between the accelerator pedal opening angle α, the motor speed n and the motor torque T is fitted as shown in Figure 1 . Based on the transmission system structure designed in this paper, the dynamic shift simulation module is built in MATLAB/Simulink simulation software, as shown in Figure 2 .
Through the above simulation module, the relationship between vehicle speed and acceleration under the different accelerator pedal opening angle and the different gears is obtained, as shown in Figure 3 . It can be seen from the simulation results that under the different accelerator pedal opening angle, the intersection points of the acceleration curves of the first and second gears are roughly concentrated in a certain area. In this area, a straight line perpendicular to the speed axis is taken as the downshift or upshift curve of the dynamic shift. In addition, in order to avoid the occurrence of cyclic shift the speed between the downshift and upshift curve should be 2~8 km·h -1 [9] .
Optimal Economic Shift Schedule. The optimal economic shift schedule means that the AMT performs the shifting operation at the most efficient shift point, which maximizes the use of the motor and battery efficiency area and improves the economy of the vehicle.
To be honest, not only the efficiency of the motor but also the efficiency of the battery should be considered when formulating the economic shift schedule. But the battery influence has little impact on the shift schedule [10] . In order to simplify the control strategy, the influence of motor efficiency has been mainly considered in the formulation of the economic shift schedule. The MAP of the drive motor is shown in Figure 4 .
Based on MATLAB/Simulink, the economic shift schedule simulation module is established, and obtain the relationship between vehicle speed and motor efficiency under the different accelerator pedal opening angle and the different gears, as shown in Figure 5 . The method for formulating the economic shift schedule is as follows: the motor efficiency curve of the first gear and the second gear has an intersection point when an accelerator pedal opening degree and the speed corresponding to the intersection point is taken as the shift point. And when no intersection points this paper selects the speed corresponding to the end point of the efficiency curve of low gear as the shift point. The selected shift point is fitted into a curve, and then we can get an economic shift curve.
Overall Shift Schedule. Through the comparison of the dynamic and economic shift schedule, it can be found that the dynamic shift is mainly concentrated in the high load area, while the economic shift is mainly concentrated in the low load area. When the vehicle is running at a low load, the motor power required is small and the economic shift is mainly considered. And when running at high load the motor power required is larger, so its dynamic is mainly concentrated. Considering various aspects comprehensively the overall shift schedule curve is obtained, as shown in Figure 6 . Automatic Shift Control Strategy. This paper also studies the automatic shift control strategy of the vehicle. Based on MATLAB/Simulink the vehicle simulation model is established, as shown in Figure 7 . The design of the automatic shift control strategy is based on the EXAMPLE in the software. This paper adopts the start accelerated simulation test to verify whether the automatic shift control strategy is feasible. On the well road, the vehicle starts to accelerate from zero speed. The input acceleration pedal and brake pedal signals are shown in Figure 8 . The simulation results of the real-time speed and gear of the vehicle are shown in Figure 9 . It can be seen from the simulation results: the vehicle speed gradually increased. When the vehicle just started to accelerate, the speed increased rapidly. Soon the speed reached 98.5 km·h -1 , after which the speed remained about the same and was basically consistent with the designed maximum vehicle speed. Also, when the vehicle reached a certain speed, the gear was switched from the first gear to the second gear.
Conclusion
(1) This paper has taken a pure electric commercial vehicle as the prototype, and matched the parameters of the drive motor and the AMT, which theoretically met the performance requirements of the vehicle.
(2) This paper has studied the shift schedule, designed the overall shift schedule and formulated the automatic shift control strategy. After that the initial acceleration simulation test was carried out and the simulation results met the performance requirements of the vehicle, which had a certain practical reference value.
